The Gairdner Hospital Automatic Pressure Regulator was developed to deliver a constant pre-set gas pressure for the continuous inflation of infusion pump cuffs or pneumatic tourniquets. It has been found to be economical, safe, reliable and easy to use. The device facilitates both continuous flushing of catheters and rapid intravenous infusions especially during emergency situations. It may also be used in other clinical situations where a continuous gas supply at a pre-set constant pressure is required.
A constant gas pressure is required to continuously inflate the cuff of an infusor pump (such as a Fenwal Pressure Infusor) in order to facilitate pressurised infusion of fluids contained in plastic bags. This communication describes a versatile automatic pressure regulator which was designed to deliver a wide range of constant gas pressures to an infusion cuff or a pneumatic tourniquet.
Apparatus description
The Gairdner Hospital Automatic Pressure Regulator is oblong, 100 mm x 50 mm x 40 mm in size and weighs 600 g ( Figure 1 ). Internally, the device consists of a single-stage spring/diaphragm reducing valve between an upper inlet stem and an outlet stem ( Figure 2 ). The reducing valve steps down gas pressure at the inlet stem to a lower pressure at the outlet stem. The outlet pressure of the regulator is adjusted by means of a threaded control knob which applies a spring pressure to maintain a constant outlet pressure. An over-pressure relief valve ( 
Operation
The regulator works off wall or cylindrical gas at 50-60 psi (345-414 kPa). Air, oxygen or nitrogen may be used. A standard, noninterchangeable threaded female connector at the inlet stem connects the regulator to the gas source. The outlet stem is joined by a short length of tubing to an infusion cuff ( Figure 1 ) or a tourniquet, via a 3-way stopcock. An anaeroid pressure gauge on the front of the regulator allows continuous monitoring of outlet gas pressure.
When all connections have been secured, the control knob is rotated to obtain the desired outlet gas pressure. The gas pressure is reduced by anti-clockwise rotation of the control knob. Instant pressure reduction within the infusion cuff, to enable rapid replacement of a depleted fluid bag, is possible by venting gas from the cuff to atmosphere via the stopcock. The preset pressure proximal to the stopcock is thus maintained, and the system may then be immediately repressurised by redirecting the stopcock, without any adjustment of the control knob. By applying branched adaptors to the outlet stem, additional infusion cuffs can be pressurised by the one regulator.
The regulator maintains a pre-set gas • FIGURE l.-Gairdner Hospital Automatic Pressure Regulator shown attached to a Fenwal Pressure Infusor. Supply gas enters the inlet stem at the top, and leaves the regulator at a lower pressure via the outlet stem at the side. Outlet gas pressure is adjusted by the front control knob (increasing pressure by clockwise rotation), and monitored by the pressure gauge immediately below. The Fenwal Pressure Infusor is supplied with its own pressure gauge.
pressure accurately, automatically and indefinitely. The stability of the regulated pressure was assessed in vitro, using a continuous flush infusion device (C.F.S. Intraflo, Sorenson Research Company, Utah) pressurised at 300 mmHg. Infusate pressure was maintained at 300 ± 5 mmHg over ten 24-hour periods studied, despite an infusate volume loss of 3 ml per hour. The stability of the driving pressure was similarly maintained during pressurised rapid infusions with the Intraflo device removed.
DISCUSSION
Infusion cuffs are widely used in the operating theatres, emergency department, and intensive care unit to deliver intravenous fluids or to transfuse blood rapidly.I. 4 In addition, they are used to pressurise fluid reservoir bags when continuous flushing devices are utilised to maintain patency of vessels. 5 ,6 The infusion cuffs hence require a constant gas pressure (usually at 300 mmHg) for continuous cuff inflation. Similarly, a constant gas pressure is also necessary to maintain inflation of a pneumatic tourniquet for intravenous regional analgesia (Bier's technique) or orthopaedic limb surgery. 7 Currently, gas pressure for these tourniquets or infusion cuffs may be supplied manually by pumping a pneumatic bulb, or automatically by certain devices (vide infra). Manual inflation is time-demanding, particularly at times of rapid emergency infusions when pressure "top-ups" are required to compensate for the fall in cuff pressure due to the decrease in residual infusate volume. The activities of the nurse or doctor are thus diverted from other priorities. Gas pressure loss in cuffs used with continuously flushing devices may be more insidious. Frequent pressure "top-ups" are necessary to compensate for the air leaks within the infusion cuff and pneumatic bulb connection.
Failure to maintain continuous inflation of tourniquets may have more serious consequences. A leaking limb tourniquet may result in the loss of an ischaemic operative field or an insufficient neural blockade and possible systemic toxicity with intravenous regional analgesia. Devices currently available to deliver a constant gas pressure have been adapted from orthopaedic automatic tourniquets pumps (e.g. inflatomatic 3000 tourniquet regulator, Zimmer U.S.A.; Model 400 Automatic tourniquet, Kidde, U .S.A.). 3.8 Although accurate and reliable they are, however, bulky and expensive, costing approximately $A900 each. Moreover, the standard models require the use of a cylinder gas supply. Other devices which have been reported are a perspex box enclosing the infusion cuff,4 and a freon-driven regulator. 9 The Gairdner Hospital Automatic Pressure Regulator has advantages over all these devices in the areas of capital and running costs, portability, and versatility in clinical use and gas supply. The unit is small, silent, robust and economical (costing approximately $A95 each).
Over the last eighteen months the regulator has been used to inflate infusion cuffs and tourniquets in our leu and operating theatres.
It has been found to be totally reliable in its delivery of a constant and accurate gas pressure. In contrast, the anaeroid pressure gauges supplied with commercial infusion cuffs were found to be highly inaccurate. The use of the regulator has consequently allowed clinical staff to devote attention to higher priorities in patient care, particularly during emergencies.
Anaesthesia and Intensive Care, Vol. J I, No. 3, August, 1983 The regulator may also be valuable in other clinical situations requiring application of a constant gas pressure. When used with appropriate infusion systems, it may thus facilitate flushing of radiological catheters, infusion of cardioplegia solutions, intra-arterial infusion of anti-cancer agents, and continuous epidural infusion of local anaesthetic agents. 10 
